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In re Provisional Application of 
IKENOUE, Yoshiaki and KONUMA, Hiroshi 
Provisional Appln. No.: 60/106,968 
Filed: November 4, 1998 

For: METHOD FOR PRODUCING SOLID ELECTROLYTIC CAPACITOR 

REQUEST FOR CORRECTED PROVISiONAL APPLICATION FILING RECEIPT 

ATTN: BOX PROVISIONAL APPLICATION 
Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

We enclose a copy of the Provisional Application Filing Receipt for the above-identified 
provisional application and request a correction as follows: 

TITLE METHOD FOR PRODUCING SOLID ELECTROLYTIC CAPACITOR 

The requested changes are supported by the application transmittal letter filed November 4, 
1998 and the verified English language translation filed simultaneously herewith. 

This error was caused by the PTO and therefore no fee is necessary. 

'soefttfully submitted. 
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Fooe transmitted by check or draft are subject to coIlectk>n. Please verify the accuracy of the data presented on this receipt. H en eiror 
i» noted on this FiHag Receipt, please write to Box Provisional Appttcation within 10 day* of raceipt. Please provide a copy of the 
Provisional AppGcation Filing Receipt with the changes noted thereon. Thb Provbional Application will automatlcafly be abandoned twelve {12) months 
after Its filing date and will not be subject to revival to restore it to pending status beyond a date which is after twelve (12) months from Its filing date. 
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[NAME OF DOCUMENT] Specification 
[TITLE OF THE INVENTION] 

Method for Producing Solid Electrolytic Capacitor 
[SCOPE OF CLAIM FOR PATENT] 

[Claim 1] A method for producing a solid 
electrolytic capacitor, comprising polymerizing a condensed 
heteropolycyclic compound represented by the following 
formula ( I ) : 
[Chem. 1] 




s 

(wherein the substituents R% r\ r\ and R^ each 

independently represents a monovalent group selected from 
the group consisting of H, a linear or branched, saturated 
or unsaturated alkyl, alkoxy or alkylester group having 
from 1 to 10 carbon atoms, a halogen, a nitro group, a 
cyano group, a primary, secondary or tertiary amino group, 
a trihalomethyl group, a phenyl group and a substituted 
phenyl group, the hydrocarbon chains of R^ R% R\ rS 
and R* may combine to each other at any site to form at 
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least one divalent chain for forming at least one 3-, 4-, 
5-, 6- or 7-membered saturated or unsaturated hydrocarbon 
cyclic structure together with the carbon atoms to which 
the substituents are bonded, the alkyl group, the alkoxy 
group or the alkylester group of rS R^/ R% , R^ or 

the cyclic hydrocarbon chain formed by the substituents may 
contain any of carbonyl, ether, ester, amide, sulfide, 
sulfinyl, sulfonyl and imino bonds, k represents a number 
of the condensed ring enclosed by the dihydrothiophene ring 
and the benzene ring having substituents to R* and 

represents an integer of from 0 to 3, and the condensed 
ring may optionally contain nitrogen or N-oxide) alone or 
together with another anion having a dopant ability, within 
a metal oxide dielectric porous layer by the action of an 
oxidizing agent. 

[Claim 2] The method for producing a solid 
electrolytic capacitor as claimed in claim 1, wherein the 
condensed heteropolycyclic compound uses at least one 
monomer selected from dihydroisothianaphthene., dihydro- 
naphtho[ 2 , 3-c ] thiophene and dihydrothieno[ 3 , 4-b]quinoxaline 
derivatives . 

[Claim 3] The method for producing a solid 
electrolytic capacitor as claimed in claim 1 , wherein the 
condensed heteropolycyclic compound uses at least one 
monomer selected from 1 , 3-dihydroisothianaphthene , 5,6- 
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dioxymethylene-1 , 3-dihydroisothianaphthene, 5 , 6-diniethoxy- 
1 , 3-dihydroisothianaphthene , 1 , 3-dihydronaphtho [ 2 , 3-c ] - 

thiophene , 1 , 3-dihydrothieno [ 3 , 4 -b ] quinoxaline and 1,3- 
dihydrothieno [ 3 , 4 -b ] quinoxaline . 

[Claim 4] The method for producing a solid 
electrolytic capacitor as claimed in claims 1 to 3 , wherein 
the polymer production process is repeated more than at 
least twice within the same dielectric layer. 
[DETAIIiED DESCRIPTION OF THE INVENTION] 

[0001] 

(Technical Field to Which the Invention Belongs] 
The present invention relates to a method for 
producing a solid electrolytic capacitor containing a 
sjpecific electrically conducting polymer composition as the 
solid electrolyte, more specifically, the present invention 
relates to an electrolytic capacitor capable of realizing 
miniaturization, high capacity and low impedance of the 
electrolytic capacitor and having good moisture resistance 
load and excellent heat resistance - 
[0002] 

[Background Art] 

A solid electrolytic capacitor comprises an anode 
substrate comprising a metal foil subjected to etching 
treatment and having a large specific surface area. A basic 
device of the capacitor is manufactured by forming an oxide 
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dielectric film layer on the anode substrate, a solid 
semiconductor layer (hereinafter simply referred to as a 
solid electrolyte) as an opposing electrode outside the 
dielectric layer and preferably further an electric 
conductor layer such as an electrically conducting paste. 
Then, the device as a whole is completely sealed by an 
epoxy resin or the like and put into use as a capacitor 
part in electric products over a wide range. 
[0003] 

Of these basic elements, for the solid electrolyte, it 
has been heretofore known to use, for example, an inorganic 
semiconductor material such as manganese dioxide and lead 
dioxide or an electrically conducting organic material 
containing a TCNQ complex salt or a 7t-con jugated polymer 
such as polyaniline ( JP-A-61-239617 (the term "JP-A" as 
used herein means an "unexamined published Japanese patent 
application" ) , polypyrrole ( JP-A-6 1-240625 ) , polythiophene 
( JP-A-2-15611) , polyisothianaphthene containing no dopant 
( JP-A-62-118509 ) or polyisothianaphthene in the doped state 
(jp_A-62-118511) . 

[0004] 

[Problems to Be Solved by the Invention] 
As the method for forming a solid electrolyte layer, a 
method of fusing a solid electrolyte into a porous or void 
structure of a dielectric layer on a metal surface to form 
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a solid electrolyte layer on the dielectric layer and a 
method of producing a solid electrolyte on a dielectric 
layer have been conventionally known. 
[0005] 

[Means to Solve the Problems] 

As the electronic equipment is recently reduced in the 
weight, a compact capacitor having a high capacity, 
excellent high-frequency properties and a low impedance is 
being demanded. To cope with this, it has been heretofore 
attempted to form a solid electrolyte of various types on a 
dielectric film. Of these, electrically conducting metal 
oxides and electrically conducting polymers are drawing an 
attention. One of the reasons therefor is because the solid 
electrolyte may be improved to have a sufficiently high 
electric conductivity. However, there is a problem in that 
if the electric conductivity is higher than a proper range, 
the leakage current value greatly increases to cause short 
circuit, whereas if it is lower than the proper range, the 
frequency properties are deteriorated to cause large 
reduction in the capacity. Accordingly, a matter of problem 
to be studied and solved is to control a proper range of 
the electric conductivity and attain thermal stability of 
the solid electrolyte. 

[0006] 

To speak more specifically, conventional capacitors 
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using an electrically conducting polymer such as 
polypyrrole have a problem in that the capacitor properties 
greatly fluctuate according to the moisture resistance load. 
In this concern, the demand for heat resistance is keenly 
increased. For example, heat resistance in soldering 
(reflow property) at the time of forming a capacitor part 
from a capacitor device is important and a capacitor device 
having high heat resistance is being demanded. Conventional 
techniques are not satisfied with respect to the solid 
electrolyte and the production method thereof - 
[0007] 

[Mode for Carrying Out the Invention] 

As a result of extensive investigations to solve the 
above-described problems, the present inventors have first 
found that when a solid electrolytic capacitor is produced 
by polymerizing a condensed heteropolycyclic compound 
having a specific chemical structure on or in the vicinity 
of the surface of a metal oxide dielectric- layer having a 
porous structure, a capacitor excellent in the reflow heat 
resistance and the like is produced. The present invention 
has been accomplished based on this finding. 
[0008] 

That is, the present invention provides a solid 
electrolytic capacitor using as a solid electrolyte a 
polymer composition obtained by introducing a condensed 
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heteropolycyclic compound represented by the following 
formula ( I ) : 




(wherein the substituents R% R% R\ R^ and R* each 

independently represents a monovalent group selected from 
the group consisting of H, a linear or branched, saturated 
or unsaturated alkyl, alkoxy or alkylester group having 
^^9"^. 1 to 10 carbon atoms, a halogen, a nitro group, a 
cyano group, a primary, secondary or tertiary amino group, 
a trihalomethyl group, a phenyl group and a substituted 
phenyl group, the hydrocarbon chains of r\ R% R^, R*, 
and R* may combine to each other at any site to form at 
least one divalent chain for forming at least one 3-, 4-, 
5-, 6- or 7-membered saturated or unsaturated hydrocarbon 
cyclic structure together with the carbon atoms to which 
the substituents are bonded, the alkyl group, the alkoxy 
group or the alkylester group of r', r^, r\ r* , r^ or r' or 
the cyclic hydrocarbon chain formed by the substituents may 
contain any of carbonyl, ether, ester, amide, sulfide. 
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sulfinyl, sulfonyl and imino bonds, k represents a number 
of the condensed ring enclosed by the dihydrothiophene ring 
and the benzene ring having substituents to and 

represents an integer of from 0 to 3 , and the condensed 
ring may optionally contain nitrogen or N-oxide) alone or 
together with another anion having a dopant ability, into a 
metal oxide dielectric porous layer (on or in the vicinity 
of the surface of the porous structure) and acting thereon 
an oxidizing agent, and also provides a production method 
of the electrolytic capacitor. The in-situ chemical 
polymerization reaction within the dielectric layer may be 
caused by introducing an oxidizing agent simultaneously 
with a condensed heteropolycyclic compound or further with 
an anion or by first introducing an oxidizing agent into 
the surface of the dielectric layer and then introducing a 
condensed heteropolycyclic compound alone or together with 
an anion - 

[0009] 

The present invention further provides a solid 
electrolytic capacitor, wherein the polymer composition 
obtained by the above-described production process is an 
electrically conducting polymer composition having a 
chemical structure of containing in the main chain at least 
one structural unit represented by the following formula 
(II): 
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[Chem. 3] 




^ (Z/j)5 - 



(wherein r\ r% r\ r\ r\ r« and k are the same as in 
formula (I), provided that when k=0, derivatives having a 
chemical formula where the substituents to R* all are H 
are excluded, the condensed ring may optionally contain 
nitrogen or N-oxide, 6 is from 0 to 1 , Z represents an 
anion, and j represents a valency number of Z and is 1 or 
2 ) , and also provides a production method of the 
electrolytic capacitor. 
[0010] 

More specifically, the present invention relates to a 
solid electrolytic capacitor comprising electrodes opposing 
to each other, a dielectric layer formed on the surface of 
one electrode and having a metal oxide porous structure, 
and a solid electrolyte formed on the dielectric layer and 
comprising a polymer composition obtained by the above- 
described production process, as well as to a production 
method of the electrolytic capacitor. 
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[0011] 

The condensed heteropolycyclic compound represented by 
formula (I) is specifically a derivative having a 1,3- 
dihydroisothianaphthene (or also called 1 , 3-dihydroben20- 
[c] thiophene) skeleton represented by the following formula 

(III): 
[Chem. 4] 




(wherein R^, R^ and R* are the same as in formula (I), 

arid the condensed ring may optionally contain nitrogen or 

N-oxide) or a derivative having a 1 , 3-dihydronaphtho[ 2 , 3- 

c] thiophene skeleton represented by the following formula 

(IV): 

[ Chem . 5 3 
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(wherein the substituents R^, R% R*, R^ and R* are the 

same as in formula (I), and the condensed ring may 
optionally contain nitrogen or N-oxide) . Other examples 
include a derivative having a 1 , 3-dihydroanthra[ 2 , 3- 
cjthiophene skeleton and a derivative having a 1,3- 
dihydronaphthaceno [ 2 , 3-c ] thiophene skeleton . 
[0012] 

Furthermore, derivatives, in which two adjacent 
substituents among the substituents rS R^r R^ and R* in the 
condensed heteropolycyclic compound represented by formula 
(I) are combined to each other through an unsaturated bond 
to newly form a condensed 6-membered ring (ortho- 
substitution), may also be used and specific examples 
thereof include, when k=0, a 1 , 3-dihydronaphtho[ 1 , 2- 
c] thiophene derivative, when k-1, a 1,3- 

dihydrophenanthra[ 2 , 3-c ] thiophene derivative and a 1,3- 
dihydrotriphenylo[ 2 , 3-c ] thiophene derivative, and when k=2 , 
a 1 , 3-dihydrobenzo[ a] anthracenot 7 , 8-c] thiophene derivative. 

[0013] 

The condensed ring in the condensed heteropolycyclic 
compound represented by formula (I) may optionally contain 
nitrogen or N-oxide and examples of such a condensed ring 
include, when k=0, 1 , 3-dihydrothierio[ 3 , 4-b]quinoxaline, 
1 , 3-dihydrothieno[ 3, 4-b]quinoxaline-4-oxide and 1,3- 

dihydrothieno[ 3 , 4-b]quinoxaline-4 , 9-dioxide . 
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[0014] 

AS described in the foregoing, the condensed hetero- 
polycyclic compound represented by formula (I) has the 
above-described 1 , 3-dihydro-type condensed heteropolycyclic 
compound skeleton and can easily provide an electrically 
conducting polymer composition by the oxidation reaction 
process described in the present invention. Representative 
examples of the confound having a simple chemical formula 
are described later (Compound (a) to Compound (t)). r\ R% 
r\ R*, and R* in formula (I) each independently 

represents a substituted phenyl group. The substituted 
phenyl group includes a structure such that at least one 
monovalent group selected from Cl, Br, I, F and CF3 is 
bonded as a substituent to a phenyl ring. 
[0015] 

The polymer composition obtained by the above- 
described production process of a polymer preferably has a 
chemical structure of formula (II) where" k=0 , namely, 
formula (V): 
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F 



[Chem. 6] 




^ (Z/j)6 - 



(wherein R^, R% R% r\ 5, Z and j are the same as in 
formula (II), and the condensed ring may optionally contain 
nitrogen or N-oxide) or where k=l, namely, formula (VI): 
[Chem. 7] 




^ (Z/j)6 - 



(wherein r', R% r* , R% R% 5, 2 and j are the same as in 

formula (II), and the condensed ring may optionally contain 
nitrogen or N-oxide) . 
[Chem. 8] 




- 13 - 




- 14 - 



o 



(s) 




(t) 



) i 




o 



o 



[0016] 



The polymerization process according to the present 
invention is characterized in that the oxidative 
dehydrogenation reaction (polymerization reaction) of the 
condensed heteropolycyclic compound takes place within 
pores of a metal oxide dielectric layer and further that 
due to such an environment in using an oxidizing agent, the 
oxidizing agent is more activated (accelerates the 
polymerization reaction) to provide a polymer composition 
having a high electric conductivity. These characteristic 
features have been found as a result of evaluating the 
capacitor properties (e.g., capacity, tan 6, leakage 
current, impedance, reflow heat resistance) v. In other words, 
according to the production process of a solid 
polyelectrolyte (polymer composition) of the present 



electron oxidation) of the condensed heteropolycyclic 



of the surface of a metal oxide in the presenbe or absence 
of a solvent under short-time and simple reaction 




the dehydrogenative oxidation reaction (4 



compound can be effectively achieved on or in the vicinity 
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conditions* Therefore, as compared with the case using a 
conventionally known dehydrogenative oxidation reaction of 
a pyrrole or a thiophene (in this case, 2 electron 
oxidation polymerization), industrially useful solid 
electrolytic capacitor properties can be provided. The 
effect of accelerating the in-situ chemical polymerization 
in the dielectric layer may be considered to come out due 
to the complicated finely porous structure or large 
specific area of the dielectric or due to the surface free 
energy of the oxide thin film, however, the principle 
thereof is not yet elucidated. 
[0017] 

With respect to conventionally known examples of the 
method for producing a polymer, JP-A-63-1 18323 and JP-A-2- 
24 2816 disclose a method of oxidatively polymerizing a 
monomer having a 1 , 3-dihydroisothianphthene structure in 
the presence of an oxidizing agent. This is, however, an 
example of a mere polymerization method in^ the polymer 
chemistry and the above-described patent publications are 
completely silent on the chemical reaction process (in-situ 
chemical polymerization process) using the effect on the 
surface of a metal oxide described in the present invention. 
Synthetic Met a 1 r , Vol. 16, pp. 379-380 (1986) discloses a 
method of oxidatively polymerizing a monomer having a 1,3- 
dihydroisothianaphthene structure in the presence of oxygen 
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and an oxidizing agent together, but this is also an 
example of mere synthesis reaction. Furthermore, JP-A-62- 
118509 and JP-A-62-1 18511 disclose use of an 
electrochemically polymerized polymer as a solid 
electrolyte and thus, these patent publications differ in 
the production process from the present invention. Moreover, 
the capacitor properties are different from those in the 
present invention. 
[0018] 

As the second object of the present invention, a 
method capable of achieving high capacity is provided. That 
is, according to the present invention, an oxidizing agent 
is charged together with the monomer alone or further with 
another anion having a dopant ability and by performing 
step by step the dehydrogenative 4 electron oxidation 
reaction (polymerization) directly within a metal oxide 
foil (for example, an formed aluminum foil), a polymer 
composition can be effectively filled into and formed 
within the foil. More specifically, the polymerization of a 
condensed heteropolycyclic compound proceeds through such a 
process that an oxidizing agent is carried and activated on 
the surface of a metal oxide having a porous structure by 
the coating according to a solution process or by the 
sublimation or evaporation according to a vapor phase 
process and then a condensed heteropolycyclic compound is 
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introduced into the surface of the fine structure, if 
desired, together with a compound capable of donating 
another anion having a dopant ability, thereby forming the 
polymer composition on or in the vicinity of the dielectric. 
By repeating this process step by step, a solid electrolyte 
comprising the polymer composition can be effectively 
filled and formed inside the pores. Due to this, 
homogeneity in the electric conducting path within the 
solid electrolyte layer can be remarkably improved, 
unnecessary formation of stresses inside the pores can be 
prevented (prevention of rupture of the dielectric layer) 
and as a result, excellent capacitor properties including 
high capacity and low impedance can be realized. 
[0019] 

As the third object of the present invention, a method 
capable of ensuring excellent soldering heat resistance 
(heat stability) is provided. Conventionally known 

capacitors using a solid electrolyte comprising polypyrrole 
or the like undergo large fluctuation in the LCR value at a 
high temperature and a high humidity and has poor 
reliability. However, the electrically conducting 

composition having a chemical formula shown in the present 
invention has excellent heat stability and exhibits good 
stability in the doped state- Furthermore, this polymer 
composition is step by step deposited on the surface of a 
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dielectric and accordingly, a structure of many polymer 
composition thin films being overlapped can be formed. Thus, 
the polymer can prevent damages of the dielectric film and 
a capacitor having excellent heat stability can be provided. 
[0020] 

The oxidizing agent for use in the production method 
of the present invention may be any oxidizing agent as far 
as oxidation reaction by dehydrogenative 4 electron 
oxidation can be satisfactorily effected and the capacitor 
performance can be improved in the use environment. In 
practice, compounds which are industrially inexpensive and 
easy to handle are preferred. Specific examples thereof 
include Fe(III) compounds such as FeClj, FeClO^ and Fe 
(organic acid anion) salt, anhydrous aluminum 
chloride/cuprous chloride, alkali metal persulfates, 
ammonium persulfate salts, peroxides, manganese such as 
potassium permanganese , quinones such as 2 , 3-dichloro-5 , 6- 
dicyano-l,4-benzoquinone (DDQ) , tetrachloro-1 , 4-benzo- 
quinone and tetracyano-1 , 4-benzoquinone, halogens such as 
iodine and bromine, peracid, sulfuric acid, fuming sulfuric 
acid, sulfur trioxide, sulfonic acids such as 
chlorosulfuric acid, f luorosulf uric acid and amidosulf uric 
acid, ozone, and a combination of a plurality of these 
oxidizing agents. 
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[0021] 

Examples of the base compound for the organic acid 
anion constituting the Fe (organic acid anion) salt include 
an organosulfonic acid, an organocarboxylic acid, an 
organophosphoric acid and an organoboric acid. Specific 
examples of the orgnosulf onic acid include benzenesulf onic 
acid, p-toluenesulfonic acid, methanesulf onic acid, 
ethanesulfonic acid, a-sulf onaphthalene, P-sulf onaphthalene, 
naphthalenedisulfonic acid, alkylnaphthalenesulf onic acid 
(examples of the alkyl group include butyl, triisopropyl 
and di-t-butyl, etc.)- 

[O022] 

Specific examples of the organocarboxylic acid include 
acetic acid, propionic acid, benzoic acid and oxalic acid. 
Furthermore, in the present invention, a polyelectrolyte 
anion such as polyacrylic acid, polymethacrylic acid, 
polystyrenesulfonic acid, polyvinylsulf onic acid, poly- 
vinylsulfuric acid, poly-a-methylsulf onic acid, poly- 
ethylenesulfonic acid and polyphosphoric acid may also be 
used. However, these are described only for the purpose of 
illustrating examples of the organosulfonic acid and the 
organocarboxylic acid and the present invention is by no 
means limited thereto. The counter cation of the above- 
described anion is not particularly limited in the present 
invention and examples thereof include H*, alkali metal ion 
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such as Na* and K"^, and ammonium ion substituted by a 
hydrogen atom, a tetramethyl group, a tetraethyl group, a 
tetrabutyl group or a tetraphenyl group, of these oxidizing 
agents, oxidizing agents containing a trivalent Fe compound, 
cuprous chloride, a persulfuric acid alkali salt, an 
ammonium per sulfate, a manganic acid or a quinone are 
suitably used. 
[0023] 

Examples of the anion having a dopant ability which is 
allowed to be present together, if desired, in the 
production process of the polymer composition of the 
present invention include electrolytic compounds comprised 
of anion of oxidizing agent (reductant of the oxidizing 
agent) produced from the above-described oxidizing agent as 
a counter anion, and other anionic electrolytes. Specific 
examples thereof include Group 5B element halide anions 
such as PFr, sbFr and AsF,', Group 3B element halide anions 
such as BF/, halogen anions such as l-(i3-)^. Br" and CI", 
halogen acid anions such as CIO/, Lewis acid anions such as 
AlCl,-, Feci,- and SnCls", and protonic acid anions including 
inorganic acid anions such as NO," and SO/", organosulf onic 
acid anions such as p-toluenesulf onic acid, naphthalene- 
sulfonic acid, alkyl-substituted sulfonic acid having from 
1 to 5 carbon atoms, CF3SO3- and CH3SO3-, and carboxylic acid 
anion such as CH3COO- and C.H^COQ-. Other examples include 
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polyelectrolytic anions of the compounds such as 
polyacrylic acid, polymethacrylic acid, polystyrenesulf onic 
acid, polyvinylsulfonic acid, polyvinylsulf uric acid, poly- 
a-methylsulfonic acid, polyethylenesulf onic acid and 
polyphosphoric acid. However, the present invention is by 
no means limited thereto. Of these, preferred are anions of 
a high molecular or low molecular organosulf onic acid 
compound and a polyphosphoric acid, and more preferred is 
an anion of an aromatic sulfonic acid compound. 
[0024] 

The concentration of the monomer represented by 
formula ( I ) for use in the production method of a capacitor 
of the present invention varies depending on the 
siibstituent (kind) of the compound or the kind of solvent, 
however, it is in general preferably from 10*^ to 10 mol/£, 
more preferably from 10"^ to 5 mol/£. The reaction 
temperature is selected according to respective reaction 
processes and cannot be specifically limited> however, it 
is generally from -70 to 250*'C, preferably from 0 to 150°C 
and more preferably from 15 to 100**C. 

[0025] 

The reaction solvent for use in the production method 
of the present invention may be any solvent as far as it 
can dissolve the monomer, the oxidizing agent and the 
electrolyte having a dopant ability individually or 
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altogether. Examples thereof include tetrahydrof uran (THF), 
dioxane, ethers such as diethyl ether, aprotic polar 
solvents such as dimethylf ormamide, acetonitrile , 
benzonitrile, N-methylpyrrolidone (NMP) and 

dimethylsulf oxide (DMSO), esters such as ethyl acetate and 
butyl acetate, nonaromatic chlorine solvents such as 
chloroform and methylene chloride, nitro compounds such as 
nitromethane, nitroethane . and nitrobenzene, alcohols such 
as methanol, ethanol and propanol, organic acids such as 
formic acid, acetic acid and propionic acid, acid 
anhydrides of the organic acid (e.g., acetic anhydride), 
water, and a mixed solvent thereof. The compound may be 
introduced into the dielectric layer (may be subjected to 
polymerization) in a solvent system, namely, a two-liquid 
system or a three-liquid system, where the above-described 
oxidizing agent and/or the electrolyte having a dopant 
ability and the monomer are individually- dissolved. 
[0026] 

The solid electric conductor thus produced has an 
electric conductivity of from 0.1 to 200 S/cm, preferably 
from 1 to 100 S/cm, more preferably from 10 to 100 S/cm. 

[0027] 

For one part electrode of the present invention, a 
known material such as aluminum, titanium, tantalum, 
niobium, an alloy (having the same valve action) using such 
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a material as a substrate or a sintered body mainly 
comprising such a material, is used in the form of a foil 
or bar. This metal electrode is used after treating the 
surface thereof by a known method, such as etching or 
chemical forming, so as to increase the specific surface 
area, and thereby forming a metal oxide film layer on the 
metal foil . 
[0028] 

The solid electrolyte is preferably formed by 
effecting the formation process on the dielectric layer. In 
particular, a method of chemically depositing an organic 
electric conductor having excellent heat resistance on a 
dielectric material having a porous or void structure is 
preferred in the present invention. Furthermore, in order 
to attain good electrical contacting, an electric conductor 
layer is preferably provided on the semiconductor and the 
electric conductor layer is formed, for example, by 
solidifying or plating an electrically conducting paste, 
sputtering a metal or forming an electrically conducting 
resin film. 

[0029] 

The capacitor thus constituted according to the 
production method of the present invention is jacketed with 
a resin mold, a resin case or a metal-made jacket case or 
by resin dipping and then the capacitor can be used as a 
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product capacitor for various uses . 
[0030] 
[Examples] 

The present invention is described in greater detail 
below by referring to the Examples and Comparative Examples. 
(Example 1) 

An aluminum foil having a purity of 99.99% and a 
thickness of 100 ^m was used as an anode and the surface 
thereof was electrochemically etched by an ordinary method 
to prepare a porous aluminum foil. The porous aluminum foil 
obtained was subjected to formation in an ammonium adipate 
solution to form an aluminum oxide layer as a dielectric 
thin film on the aluminum foil and then boiled in hot water 
to again effect formation to homogenize the dielectric thin 
film. The thus-prepared aluminum foil was thoroughly dried 
and coated with an aqueous solution of 0 . IM ferric sulfate 
as an oxidizing agent on the porous surface, and then dried 
under heating (at a temperature of 80**C) t& support and 
activate the oxidizing agent. Thereafter, the aluminum foil 
was dipped in an ethanol solution having dissolved therein 
5 g of 1 , 3-dihydroisothianaphthene and 0.1 g of sodium 
dodecylbenzenesulfonate (hereinafter simply referred to as 
"DBSNa") and heated at 80°C for 10 minutes in a vapor phase. 
This in-situ polymerization accompanied by the evaporation 
of solvent was repeated 20 times to produce a polymer 
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composition. The polymer composition deposited on the 
surface was very carefully measured on the electric 
conductivity by a four-probe method and found to be 50 S/cm, 
The capacitor device thus manufactured was measured on the 
properties and the results obtained are shown in Table 1 . 
The capacity and tan 5 are the values at a frequency of 
120 Hz and the impedance is a value at 1,000 KHz. 
[0031] 

(Comparative Example 1) 

An aluminum foil subjected to formation in the same 
manner as in Example 1 was dipped in a three-component 
mixed solution (the monomer, oxidizing agent and dopant 
were the same) adjusted so that each component had the same 
concentration as in Example 1 and immediately the in-situ 
polymerization by heating at 80*'C for 10 minutes was 
repeated 20 times to manufacture a capacitor device. The 
electric conductivity on the surface was carefully measured 
by a four-probe method and found to be 10"^ S/cm. However, 
the capacitor formed therefrom had a small capacity and the 
capacitor properties were not satisfied ( shown together in 
Table 1 ) . 

[0032] 

( Example 2 ) 

A capacitor device was manufactured by the same 
production method except for using 1 , 3-dihydronaphtho[ 2 , 3- 
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c]thiophene in place of 1 , 3-dihydroisothianaphthene used in 
Example 1. The polymer composition deposited on the surface 
had an electric conductivity of 20 S/cm (by a four-probe 
method). The capacitor properties were also measured in the 
same manner. The results obtained are shown in Table 1. 

[0033] 
(Example 3) 

A capacitor device was manufactured through the same 
process except for using 5 , 6-dioxymethylene-l , 3-dihydro- 
isothianaphthene in place of 1 , 3-dihydroisothianaphthene 
used in Example 1 and using a monomer solution not 
containing the dopant (DBSNa) described in Example 1. The 
processing conditions in the in-situ polymerization were 
50°C and 10 minutes. The polymer composition deposited on 
the surface had an electric conductivity of 80 S/cm (by a 
four-probe method). The capacitor properties obtained are 
shown in Table 1 . 

[0034] 

(Comparative Example 2) 

An aluminum foil prepared in the same manner as in 
Example 1 was dipped in a mixed component solution 
containing the same monomer and oxidizing agent as in 
Example 3 adjusted so that each component had the same 
concentration as in Example 3, and then the processing was 
performed under the same conditions (50°C, 10 minutes) in 
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the same repetitions as in Example 3 to manufacture a 
capacitor device. The electric conductivity on the surface 
was 0.1 S/cm and with respect to the capacitor properties, 
the capacity was small (shown together in Table 1). 

[0035] 
(Example 4) 

A capacitor device was manufactured by the same 
production method as in Example 1 except for using 1,3- 
dihydrothieno[3,4-b]quinoxaline in place of 1,3- 
dihydroisothianaphthene used in Example 1 and using sodium 
naphthalenesulfonate (hereinafter simply referred to as 
"NSNa") in place of dodecylbenzenesulf onic acid as a dopant. 
The polymer composition deposited on the surface had an 
electric conductivity of 5 S/cm (by a four-probe method). 
The capacitor properties were measured and the data 
obtained are shown in Table 1. 

[0036] 
(Example 5) 

A capacitor device was manufactured by the same 
production method as in Example 1 except for using 5,6- 
dimethoxy-l,3-dihydroisothianaphthene in place of 1,3- 
dihydroisothianaphthene used in Example 1 and using NSNa in 
place of DBSNa. The polymerization temperatjure and time 
were changed to 70°C and 20 minutes. The polymer 
composition deposited on the surface had an electric 
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conductivity of 80 S/cm (by a four-probe method). The 
capacitor properties were measured and the results obtained 
are shown in Table 1 . 

[0037] 
[Table 1] 



Capacitor Properties 





Capacity 
(HF) 


tan 5 
(%) 


Leakage Current 
((xA»10 V value) 


Impedance 


Example 1 


9.9 


0.88 


0.09 


0.078 


Example 2 


9.8 


0.92 


0.08 


0.092 


Example 3 


10.1 


0.80 


0.08 


0.052 


Example 4 


9,9 


0.95 


0.06 


0.080 


Example 5 


10.2 


0.86 


0.06 


0.055 


Comparative 
Example 1 


4.8 


2.50 


10.50 


0.95 


Comparative 
Example 2 


6.7 


2.30 


8.65 


0.67 



[0038] 



(Comparative Example 3) 

The every 10 capacitors manufactured according to the 
production methods of Examples 1 to 5, Comparative Examples 
1 and 2 were compared on the properties between before and 
after the reflow processing. 
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[Table 2] 

Results of Test on Reflow Heat Resistance 
(number of products accepted per 10 devices) 





Before Reflow 
Processing 


After Reflow 
Processing 


Device produced 


in 


Example 1 


10 


10 


Device produced 


in 


Example 2 


9 


7 


Device produced 


in 


Example 3 


10 


9 


Device produced 


in 


Example 4 


10 


10 


Device produced 


in 


Excimple 5 


10 


10 


Device produced 
Example 1 


in 


Comparative 


3 


0 


Device produced 
Example 2 


in 


Comparative 


2 


1 
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(Reference Example 1) 

A 1 , 3-dihydroisothianaphthene monomer (melting point: 
23°C) was solution-polymerized in nitrobenzene at SO^'C in 
the presence of oxygen and ferric chloride (oxidizing 
agent) according to the method described in Synthetic 
Metals f Vol. 16, pp. 379-380 (1986) and the polymer 
obtained was measured on the electric conductivity, . The 
electric conductivity was as low as 0.1 S/cm and the 
polymer was not suitable for the solid electrolyte of a 
capacitor. 
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[0040] 

[Effects of the Invention] 

The solid electrolytic capacitor produced by the 
production method of the present invention is characterized 
in that a highly electric conducting polymer having 
excellent heat resistance and capable of being produced by 
a simple chemical polymerization process is used as a solid 
electrolyte, and therefore, a heat-resistant solid 
electrolytic capacitor having high capacity, low impedance 
and good moisture resistance load can be provided. 
[BRIEF DESCRIPTION OF THE DRAWING] 

[Fig. 1] 

Fig. 1 is a representative longitudinal section of a 
capacitor using a foil, according to the present invention. 
[Description of Numerical References] 

1 foil 

2 pore 

3 aluminum oxide layer 

4 solid electrolyte 

5 dielectric layer 

6 sealing resin 

7 lead terminal 
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[NAME OF DOCUMENT] Abstract 
[ SUMMARY ] 

[PROBLEM TO BE SOLVED] 

To obtain a solid electrolytic capacitor having high 
capacity, low impedance, good moisture resistance load and 
excellent heat resistance. 
[MEANS TO SOLVE THE PROBLEM] 

A method for producing a solid electrolytic capacitor 
comprising a valve acting metal, an oxide film layer formed 
on the metal and an electrically conducting polymer 
composition formed on the surface of the oxide film layer 
is provided, wherein a condensed heteropolycyclic compound 
haying a specific chemical structure containing a 1,3- 
dihydrothiophene ring is effectively polymerized by using 
an oxidizing agent alone or altogether in the presence of 
another anion having a dopant ability, on or in the 
vicinity of the surface of the oxide film layer. 
[SELECTED DRAWING] None. 



[NAME OF DOCUMENT] Drawing 
[Fig. 1] 




ATTN: BOX PROVISIONAL PATENT APPLICATION 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



in re Provisional Application of 




IKENOUE, Yoshiaki and KONUMA, Hiroshi 



Provisional Application No.: 60/106,968 



Filed: November 4, 1998 



For: METHOD FOR PRODUCING SOLID ELECTROLYTIC CAPACITOR 



FILED 



SUBMISSION OF VERIFIED ENGLISH TRANSLATION 



BOX PROVISIONAL PATENT APPLICATION 
Attn: Office of National Application Review 
Commissioner of Patents and Trademarks 
Washington, D.C. 20231 

Sir: 

In view of Applicants provisional application filing on November 4, 1 998 in a foreign 
(Japanese) language, and since Applicants' attorney has not yet received the appropriate 
"Notice to File Missing Parts of Provisional Application Filed Under 37 CFR 1 .53(b)(2)" for the 
above provisional application, submitted herewith is the verified English language translation 
(32 pages of specification + 1 pages of drawing(s)) for the above-mentioned provisional 
application previously filed in the Japanese language. Also enclosed please find a Request for 
Corrected Provisional Application Filing Receipt. 

A check for the statutory fee of $130.00 is attached. You are also directed and 
authorized to charge or credit any difference or overpayment to Deposit Account No. 1 9-4880. 
The Commissioner is hereby authorized to charge any fees under 37 C.F.R. 1.16 and 1,17 
which may be required during the entire pendency of the provisional application to Deposit 
Account No. 19-4880. A duplicate copy of this transmittal letter is attached. 

Respectfully submitted, y 



SUGHRUE, MION, 2INN, MACPEAK & SEAS 
2100 Pennsylvania Avenue, N.W. 
Washington, D.C. 20037-3202 
Tel: (202) 293-7060 
WABitnj 

Date: May 10, 1999 




3 




-r^r. . ..M^r. ^"^^^^ PROVISIONAt PATENT APPLICATION 

IN T HE UNITED STATES PATENT AND TRADEMARK OFFinP 

In re Provisional Application of /O ^ ^ ^ 

IKENOUE, Yoshiaki and KONUMA, Hiroshi 
Provisional Application No.: 60/106,968 
Filed: November 4, 1998 
For: METHOD FOR PRODUCING SOLID ELECTROLYTIC CAPACITOR 

BOX PROVISIONAL PATENT APPLICATION 
Attn: Office of National Application Review 
Commissioner of Patents and Trademarks 
Washington, D.C. 20231 

Submissions: SUBMISSION OF VERIFIED ENGLISH TRANSLATION; ENGLISH LANGUAGE 
VERIFIED TRANSLATION (32 pages ^ 1 drawing V executed T^aSof's 
Declaration) WITH ACCOMPANYING TRANSLATOR'S DECLARATION* A 

- SpTiCAtISnhUNG^^^^^^ '^"^ ^^'^"^^■^^^ PROVISIONAL 

PLEASE STAMP AND RETURN TO 
SUGHRUE, MION. ZINN, MACPEAK & SEAS 
2100 Pennsylvania Avenue, N.W. 
Washington, D.C. 20037 

(202)293-7060 BOX 235X 




Our Ref: P52247 
Atty/Sec: WAB/tnj 
Date: May 10, 1999 



ATTN: BOX MISSING PARTS 
IN THE UNITED ST ATES PATENT AND TRADEMARK OFFICE 

In re Application of 

IKENOUE, Yoshiaki and KONUMA, Hiroshi 
Appln. No. 60/106,968 

Filed: November 4, 1 998 ^^n^. 
For: METHOD FOR PRODUCING SOLID ELECTROLYTIC CAPACITOR 

LETTER OF CLARIFICATION 




BOX MISSING PARTS 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

The undersigned wishes to acknowledge receipt of the Notice to File Missing Parts of 
Provisional Application Filing Date Granted dated November 4, 1998, copy attached hereto, 
requiring the submission of the verified English language translation. The Office is advised 
that the verified English language translation, required in the attached notice, was timely filed 
on May 10, 1999. A copy of said submission, along with a copy of the date stamped post 
card receipt reflecting this timely submission, are attached for the Office's records. 

Accordingly, in view of the above, all outstanding requirements have been timely met. 

Respectfully submitted. 




SUGHRUE, MION, 2INN, MACPEAK & SEAS 
2100 Pennsylvania Avenue, N.W. 
Washington, D.C. 20037-3202 
Tel: (202) 293-7060 
WAB/tnj 



Date: August 2, 1 999 



DECLARATION 



I, Atsuko Ikeda, residing at 26-2-906, Ojima 3-chome, Koto-ku, Tokyo, 
Japan, do hereby certify that I am conversant with the English and Japanese 
languages and am a competent translator thereof. I further certify that to 
the best of my knowledge and belief the attached English translation is a 
true and correct translation made by me of U.S. Provisional Patent 
Application No. 60/106,968 filed on November 4, 1998. 

I further declare that all statements made herein of my own 
knowledge are true and that all statements made on information and belief 
are believed to be true; and further that these statements were made with 
the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 100 1 of Title 18 
of the United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issuing thereon. 

Signed this 20th day of January, 1999 




Atsuko Ikeda 



[NAME OF DOCUMENT] Specification 

[TITLE OF THE INVENTION] 

Method for Producing Solid Electrolytic Capacitor 
[SCOPE OF CLAIM FOR PATENT] 

[Claim 1] A method for producing a solid 
electrolytic capacitor, comprising polymerizing a condensed 
heteropolycyclic compound represented by the following 
formula ( I ) : 
[Chem. 1 ] 




s 

(wherein the substituents R% R% R*, R^ and R** each 

independently represents a monovalent group selected from 
the group consisting of H, a linear or branched, saturated 
or unsaturated alkyl, alkoxy or alkylester group having 
from 1 to 10 carbon atoms, a halogen, a nitro group, a 
cyano group, a primary, secondary or tertiary amino group, 
a trihalomethyl group, a phenyl group and a substituted 
phenyl group, the hydrocarbon chains of R^ R^, R^, R\ R^ 
and R* may combine to each other at any site to f oirm at 
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least one divalent chain for forming at least one 3-, 4-, 
5-, 6- or 7-membered saturated or unsaturated hydrocarbon 
cyclic structure together with the carbon atoms to which 
the substituents are bonded, the alkyl group, the alkoxy 
group or the alkylester group of , R^, R% R*, or R* or 
the cyclic hydrocarbon chain formed by the substituents may 
contain any of carbonyl, ether, ester, amide, sulfide, 
sulfinyl, sulfonyl and imino bonds, k represents a number 
of the condensed ring enclosed by the dihydrothiophene ring 
and the benzene ring having substituents R* to R* and 
represents an integer of from 0 to 3, and the condensed 
ring may optionally contain nitrogen or N-oxide) alone or 
together with another anion having a dopant ability, within 
a metal oxide dielectric porous layer by the action of an 
oxidizing agent. 

[Claim 2] The method for producing a solid 
electrolytic capacitor as claimed in claim 1, wherein the 
condensed heteropolycyclic confound uses at least one 
monomer selected from dihydroisothianaphthene, dihydro- 
naphtho[ 2 , 3-c ] thiophene and dihydrothieno[ 3 , 4-b ]quinoxaline 
derivatives . 

[Claim 3] The method for producing a solid 
electrolytic capacitor as claimed in claim 1, , wherein the 
condensed heteropolycyclic compound uses at least one 
monomer selected from 1 , 3-dihydroisothianaphthene, 5,6- 
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dioxymethylene-l, 3-dihydroisothianaphthene, 5,6-dimethoxy- 
1 , 3-dihydroisothianaphthene, l , 3-dihydronaphtho [ 2 , 3-c ] - 

thiophene, l,3-dihydrothieno[3,4-b]quinoxaline and 1,3- 
dihydrothieno [ 3 , 4 -b ) quinoxaline . 

[Claim 4] The method for producing a solid 
electrolytic capacitor as claimed in claims 1 to 3, wherein 
the polymer production process is repeated more than at 
least twice within the same dielectric layer. 
[DETAILED DESCRIPTION OF THE INVENTION] 

[0001] 

[Technical Field to which the Invention Belongs] 
The present invention relates to a method for 
producing a solid electrolytic capacitor containing a 
specific electrically conducting polymer composition as the 
solid electrolyte, more specifically, the present invention 
relates to an electrolytic capacitor capable of realizing 
miniaturization, high capacity and low impedance of the 
electrolytic capacitor and having good moisture resistance 
load and excellent heat resistance. 
[0002] 

[ Background Art ] 

A solid electrolytic capacitor comprises an anode 
substrate comprising a metal foil subjected, to etching 
treatment and having a large specific surface area. A basic 
device of the capacitor is manufactured by forming an oxide 



- 3 - 



dielectric film layer on the anode substrate, a solid 
semiconductor layer (hereinafter simply referred to as a 
solid electrolyte) as an opposing electrode outside the 
dielectric layer and preferably further an electric 
conductor layer such as an electrically conducting paste. 
Then, the device as a whole is completely sealed by an 
epoxy resin or the like and put into use as a capacitor 
part in electric products over a wide range, 
10003] 

Of these basic elements, for the solid electrolyte, it 
has been heretofore known to use, for example, an inorganic 
semiconductor material such as manganese dioxide and lead 
dioxide or an electrically conducting organic material 
containing a TCNQ complex salt or a 7i-con jugated polymer 
such as polyaniline ( JP-A-61-239617 (the term "JP-A" as 
used herein means an "unexamined published Japanese patent 
application"), polypyrrole ( JP-A-61-240625 ) , polythiophene 
( JP-A-2-15611 ) , polyisothianaphthene containing no dopant 
( JP-A-62-118509 ) or polyisothianaphthene in the doped state 
(JP-A-62-118511) . 

[0004] 

[Problems to Be Solved by the Invention] 
As the method for forming a solid electrolyte layer, a 
method of fusing a solid electrolyte into a porous or void 
structure of a dielectric layer on a metal surface to form 
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a solid electrolyte layer on the dielectric layer and a 
method of producing a solid electrolyte on a dielectric 
layer have been conventionally knovm. 
[0005] 

[Means to Solve the Problems] 

As the electronic equipment is recently reduced in the 
weight, a compact capacitor having a high capacity, 
excellent high-frequency properties and a low impedance is 
being demanded. To cope with this, it has been heretofore 
attempted to form a solid electrolyte of various types on a 
dielectric film. Of these, electrically conducting metal 
oxides and electrically conducting polymers are drawing an 
attention. One of the reasons therefor is because the solid 
electrolyte may be improved to have a sufficiently high 
electric conductivity- However, there is a problem in that 
if the electric conductivity is higher than a proper range, 
the lealcage current value greatly increases to cause short 
circuit, whereas if it is lower than the proper range, the 
frequency properties are deteriorated to cause large 
reduction in the capacity. Accordingly, a matter of problem 
to be studied and solved is to control a proper range of 
the electric conductivity and attain thermal stability of 
the solid electrolyte. 

[0006] 

To speak more specifically, conventional capacitors 
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using an electrically conducting polymer such as 
polypyrrole have a problem in that the capacitor properties 
greatly fluctuate according to the moisture resistance load. 
In this concern, the demand for heat resistance is keenly 
increased. For example, heat resistance in soldering 
(reflow property) at the time of forming a capacitor part 
from a capacitor device is important and a capacitor device 
having high heat resistance is being demanded. Conventional 
techniques are not satisfied with respect to the solid 
electrolyte and the production method thereof, 
[0007] 

[Mode for Carrying Out the Invention] 

As a result of extensive investigations to solve the 
above-described problems, the present inventors have first 
found that when a solid electrolytic capacitor is produced 
by polymerizing a condensed heteropolycyclic compound 
having a specific chemical structure on or in the vicinity 
of the surface of a metal oxide dielectric layer having a 
porous structure, a capacitor excellent in the reflow heat 
resistance and the like is produced. The present invention 
has been accomplished based on this finding. 

[0008] 

That is, the present invention; provides a solid 
electrolytic capacitor using as a solid electrolyte a 
polymer composition obtained by introducing a condensed 
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heteropolycyclic compound represented by the following 
formula (I): 



(wherein the substituents R\ R^ R% R\ and r' each 

independently represents a monovalent group selected from 
the group consisting of H, a linear or branched, saturated 
or unsaturated alkyl, alkoxy or alkylester group having 
from 1 to 10 carbon atoms, a halogen, a nitro group, a 
cyano group, a primary, secondary or tertiary amino group, 
a trihalomethyl group, a phenyl group and a substituted 
phenyl group, the hydrocarbon chains of JR^, R^, R^r R*/ R^ 
and R* may combine to each other at any site, to form at 
least one divalent chain for forming at least one 3-, 4-, 
5-, 6- or 7-membered saturated or unsaturated hydrocarbon 
cyclic structure together with the carbon atoms to which 
the substituents are bonded, the alkyl group, the alkoxy 
group or the alkylester group of R^, R^, R^, R*, R^ or R* or 
the cyclic hydrocarbon chain formed by the substituents may 
contain any of carbonyl, ether, ester, amide, sulfide. 
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sulfinyl, sulfonyl and imino bonds, k represents a number 
of the condensed ring enclosed by the dihydrothiophene ring 
and the benzene ring having substituents to R* and 

represents an integer of from 0 to 3, and the condensed 
ring may optionally contain nitrogen or N-oxide) alone or 
together with another anion having a dopant ability, into a 
metal oxide dielectric porous layer (on or in the vicinity 
of the surface of the porous structure) and acting thereon 
an oxidizing agent, and also provides a production method 
of the electrolytic capacitor. The in-situ chemical 
polymerization reaction within the dielectric layer may be 
caused by introducing an oxidizing agent simultaneously 
with a condensed heteropolycyclic compound or further with 
an anion or by first introducing an oxidizing agent into 
the surface of the dielectric layer and then introducing a 
condensed heteropolycyclic compound alone or together with 
an anion, 

[0009] 

The present invention further provides a solid 
electrolytic capacitor, wherein the polymer composition 
obtained by the above-described production process is an 
electrically conducting polymer composition having a 
chemical structure of containing in the itiain chain at least 
one structural unit represented by the following formula 
(II): 
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[Chem- 3] 




^ (Z/j)5 - 



(wherein r\ k\ r\ R\ R% and k are the same as in 

formula (I), provided that when k=0, derivatives having a 
chemical formula where the substituents r' to R^ all are H 
are excluded, the condensed ring may optionally contain 
nitrogen or N-oxide, 5 is from 0 to 1, Z represents an 
anion, and j represents a valency number of Z and is 1 or 
2), and also provides a production method of the 
electrolytic capacitor. 
[0010] 

More specifically, the present invention relates to a 
solid electrolytic capacitor comprising electrodes opposing 
to each other, a dielectric layer formed on the surface of 
one electrode and having a metal oxide porous structure, 
and a solid electrolyte formed on the dielectric layer and 
comprising a polymer composition obtained by the above- 
described production process, as well as to a production 
method of the electrolytic capacitor. 
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[0011] 

The condensed heteropolycyclic compound represented by 
formula (I) is specifically a derivative having a 1,3- 
dihydroisothianaphthene (or also called 1 , 3-dihydroben20- 
[c]thiophene) skeleton represented by the following formula 
(III): 
[Chem. 4] 




(wherein r\ R% and R* are the same as in formula (I), 
and the condensed ring may optionally contain nitrogen or 
N-oxide) or a derivative having a 1 , 3-dihydronaphtho[ 2 , 3- 
c]thiophene skeleton represented by the following formula 
(IV): 
[Chem- 5] 
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(wherein the substituents R^, R% R% r\ r^ and R* are the 
same as in formula (I), and the condensed ring may 
optionally contain nitrogen or N-oxide), Other examples 
include a derivative having a 1 , 3-dihydroanthra[ 2 , 3- 
c]thiophene skeleton and a derivative having a 1,3- 
dihydronaphthaceno ( 2 , 3-c ] thiophene skeleton . 
[0012] 

Furthermore, derivatives, in which two adjacent 
substituents among the substituents R', R% R^ and R* in the 
condensed heteropolycyclic compound represented by formula 
(I) are combined to each other through an unsaturated bond 
to newly form a condensed 6-membered ring (ortho- 
substitution), may also be used and specific examples 
thereof include, when k=0 , a 1 , 3-dihydronaphtho [ 1 , 2- 
c] thiophene derivative, when k=l, a 1,3- 

dihydrophenanthrat 2, 3-c] thiophene derivative and a 1,3- 
dihydrotriphenylo[ 2, 3-c] thiophene derivative, and when k=2 , 
a 1, 3 -dihydroben2o[ a] anthracene [7, 8 -c] thiophene, derivative. 

[0013] 

The condensed ring in the condensed heteropolycyclic 
compound represented by formula <I) may optionally contain 
nitrogen or N-oxide and examples of such, a condensed ring 
include , when k^O , 1,3 -dihydrothieno [ 3 , 4-b ] quinoxaline , 
1 , 3 -dihydrothieno [ 3 , 4-b ] quinoxaline-4-oxide and 1,3- 

dihydrothieno[ 3 , 4-b ]quinoxaline-4 , 9-dioxide . 
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[0014] 

As described in the foregoing, the condensed hetero- 
polycyclic compound represented by formula (I) has the 
above-described 1 , 3-dihydro-type condensed heteropolycyclic 
compound skeleton and can easily provide an electrically 
conducting polymer composition by the oxidation reaction 
process described in the present invention. Representative 
examples of the compound having a simple chemical formula 
are described later (Compound (a) to Compound (t)), R^, 
R^ r\ R^ and R^ in formula (I) each independently 
represents a substituted phenyl group. The substituted 
phenyl group includes a structure such that at least one 
monovalent group selected from Cl, Br, I, F and CF3 is 
iDonded as a substituent to a phenyl ring. 
[0015] 

The polymer composition obtained by the above- 
described production process of a polymer, preferably has a 
chemical structure of formula (II) where Wo, namely, 
formula (V) : 
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[Chem. 6] 




(wherein R% r', R*, 6, Z and j are the same as in 

formula (II), and the condensed ring may optionally contain 
nitrogen or N-oxide) or where k==l, namely, formula (VI): 
[Chem. 7] 




(wherein R^, R^, R^, R*, R^, R*, 5, 2 and j are the same as in 
formula (II), and the condensed ring may optionally contain 
nitrogen or N-oxide) . 
[Chem. 8] 
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[0016] 



The polymerization process according to the present 
invention is characterized in that the oxidative 



condensed heteropolycyclic compound takes place within 
pores of a metal oxide dielectric layer and further that 
due to such an environment in using an oxidizing agent, the 
oxidizing agent is more activated (accelerates the 
polymerization reaction) to provide a polymer composition 
having a high electric conductivity. These characteristic 
features have been found as a result of evaluating the 
capacitor properties (e.g., capacity, tan 6, leakage 
current, impedance, reflow heat resistance) In other words, 
according to the production process of a solid 
polyelectrolyte (polymer composition) of the present 
invention, the dehydrogenative oxidation reaction (4 
electron oxidation) of the condensed heteropolycyclic 
compound can be effectively achieved on or in the vicinity 
of the surface of a metal oxide in the presence or absence 
of a solvent under short-time and simple reaction 



dehydrogenation reaction (polymerization reaction) of the 
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conditions. Therefore, as compared with the case using a 
conventionally known dehydrogenative oxidation reaction of 
a pyrrole or a thiophene (in this case, 2 electron 
oxidation polymerization), industrially useful solid 
electrolytic capacitor properties can be provided. The 
effect of accelerating the in-situ chemical polymerization 
in the dielectric layer may be considered to come out due 
to the complicated finely porous structure or large 
specific area of the dielectric or due to the surface free 
energy of the oxide thin film, however, the principle 
thereof is not yet elucidated. 
[0017] 

With respect to conventionally known examples of the 
method for produc ing a po lymer , JP-A- 63-118323 and JP-A-2 - 
242816 disclose a method of oxidatively polymerizing a 
monomer haying a 1 , 3-dihydroisothianphthene structure in 
the presence of an oxidizing agent. This is, however, an 
example of a mere polymerization method in the polymer 
chemistry and the above-described patent publications are 
completely silent on the chemical reaction process (in-situ 
chemical polymerization process) using the effect on the 
surface of a metal oxide described in the present invention. 
Synthetic Metals , Vol. 16, pp. 379-380.(1986) discloses a 
method of oxidatively polymerizing a monomer having a 1,3- 
dihydroisothianaphthene structure in the presence of oxygen 
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and an oxidizing agent together, but this is also an 
example of mere synthesis reaction. Furthermore, JP-A-62- 
118509 and JP-A-62-118511 disclose use of an 
electrochemically polymerized polymer as a solid 
electrolyte and thus, these patent publications differ in 
the production process from the present invention. Moreover, 
the capacitor properties are different from those in the 
present invention. 
[0018] 

As the second object of the present invention, a 
method capable of achieving high capacity is provided. That 
is, according to the present invention, an oxidizing agent 
is charged together with the monomer alone or further with 
another anion having a dopant ability and by performing 
step by step the dehydrogenative 4 electron oxidation 
reaction (polymerization) directly within a metal oxide 
foil (for example, an formed aluminum . foil ) , a polymer 
composition can be effectively filled intov and formed 
within the foil. More specifically, the polymerization of a 
condensed heteropolycyclic compound proceeds through such a 
process that an oxidizing agent is carried and activated on 
the surface of a metal oxide having a porous structure by 
the coating according to a solution process or by the 
sublimation or evaporation according to a vapor phase 
process and then a condensed heteropolycyclic. compound is 
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introduced into the surface of the fine structure, if 
desired, together with a compound capable of donating 
another anion having a dopant ability, thereby forming the 
polymer composition on or in the vicinity of the dielectric. 
By repeating this process step by step, a solid electrolyte 
comprising the polymer composition can be effectively 
filled and formed inside the pores. Due to this, 
homogeneity in the electric conducting path within the 
solid electrolyte layer can be remarkably improved, 
unnecessary formation of stresses inside the pores can be 
prevented (prevention of rupture of the dielectric layer) 
and as a result, excellent capacitor properties including 
high capacity and low impedance can be realized. 
[0019] 

As the third object of the present invention, a method 
capable of ensuring excellent soldering heat resistance 
(heat stability) is provided. Conventionally known 

capacitors using a solid electrolyte comprising polypyrrole 
or the like undergo large fluctuation in the IiCR value at a 
high temperature and a high humidity and has poor 
reliability. However, the electrically conducting 

composition having a chemical formula shown in the present 
invention has excellent heat stability and exhibits good 
stability in the doped state. Furthermore, this polymer 
composition is step by step deposited on the surface of a 



- 18 - 



dielectric and accordingly, a structure of many polymer 
composition thin films being overlapped can be formed. Thus, 
the polymer can prevent damages of the dielectric film and 
a capacitor having excellent heat stability can be provided, 
[0020] 

The oxidizing agent for use in the production method 
of the present invention may be any oxidizing agent as far 
as oxidation reaction by dehydrogenative 4 electron 
oxidation can be satisfactorily effected and the capacitor 
performance can be improved in the use environment. In 
practice, compounds which are industrially inexpensive and 
easy to handle are preferred. Specific examples thereof 
include Fe(III) compounds such as FeClj, FeClO^ and Fe 
{organic acid anion) salt, anhydrous aluminum 
chloride/cuprous chloride, alkali metal persulfates, 
ammonium persulfate salts, peroxides, manganese such as 
potassium permanganese, quinones such as 2 , 3-dichloro-5 , 6- 
dicyano-1 , 4-benzoquinone (DDQ) , tetrachloro-1 , 4-benzo- 
quinone and tetracyano-1 , 4-benzoquinone, halogens such as 
iodine and bromine, peracid, sulfuric acid, fuming sulfuric 
acid, sulfur trioxide, sulfonic acids such as 
chlorosulf uric acid, f luorosulf uric acid and amidosulf uric 
acid, ozone, and a combination of a plurality of these 
oxidizing agents. 



- 19 - 



[0021] 

Examples of the base compound for the organic acid 
anion constituting the Fe (organic acid anion) salt include 
an organosulf onic acid, an organocarboxylic acid, an 
organophosphoric acid and an organoboric acid. Specific 
examples of the orgnosulf onic acid include benzenesulf onic 
acid, p-toluenesulf onic acid, methanesulf onic acid, 
ethanesulf onic acid, a-sulf ©naphthalene, p-sulf onaphthalene, 
naphthalenedisulf onic acid, alkylnaphthalenesulf onic acid 
(examples of the alkyl group include butyl, triisopropyl 
and di-t-butyl, etc.)- 

[0022] 

Specific examples of the organocarboxylic acid include 
acetic acid, propionic acid, benzoic acid and oxalic acid. 
Furthermore, in the present invention, a polyelectrolyte 
anion such as polyacrylic acid, polymethacrylic acid, 
polystyrenesulfonic acid, poly vinylsulf onic acid, poly- 
vinylsulf uric acid, poly-a-methylsulf onic acid, poly- 
ethylenesulfonic acid and polyphosphoric acid may also be 
used. However, these are described only for the purpose of 
illustrating examples of the organosulf onic acid and the 
organocarboxylic acid and the present invention is by no 
means limited thereto. The counter cation of the above- 
described anion is not particularly limited in the present 
invention and examples thereof include H*, alkali metal ion 
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such as Na* and K*, and ammonium ion substituted by a 
hydrogen atom, a tetramethyl group, a tetraethyl group, a 
tetrabutyl group or a tetraphenyl group. Of these oxidizing 
agents, oxidizing agents containing a trivalent Fe compound, 
cuprous chloride, a persulfuric acid alkali salt, an 
ammonium persulfate, a manganic acid or a quinone are 
suitably used. 
[0023] 

Examples of the anion having a dopant ability which is 
allowed to be present together, if desired, in the 
production process of the polymer composition of the 
present invention include electrolytic compounds comprised 
of anion of oxidizing agent (reductant of the oxidizing 
agent) produced from the above-described oxidizing agent as 
a counter anion, and other anionic electrolytes. Specific 
examples thereof include Group 5B element halide anions 
such as PFg", SbF^" and AsF^", Group 3B element halide anions 
such as BF4", halogen anions such as I"(l3"), .Br" and CI", 
halogen acid anions such as CIO/, Lewis acid anions such as 
AICI4", FeCl^' and SnClg", and protonic acid anions including 
inorganic acid anions such as NO3" and SO^^', organosulf onic 
acid anions such as p-toluenesulf onic acid, naphthalene- 
sulfonic acid, alkyl-substituted sulfonic acid having from 
1 to 5 carbon atoms, CFjSOa' and CH3SO3", and carboxylic acid 
anion such as CH3COO" and CgHsCOO". Other examples include 
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polyelectrolytic anions of the compounds such as 
polyacrylic acid, polymethacrylic acid, polystyrenesulf onic 
acid, polyvinylsulfonic acid, polyvinylsulf uric acid, poly- 
a-methylsulfonic acid, polyethylenesulf onic acid and 
polyphosphoric acid- However, the present invention is by 
no means limited thereto. Of these, preferred are anions of 
a high molecular or low molecular organosulf onic acid 
compound and a polyphosphoric acid, and more preferred is 
an anion of an aromatic sulfonic acid compound. 
[0024] 

The concentration of the monomer represented by 
formula (I) for use in the production method of a capacitor 
of the present invention varies depending on the 
substituent (kind) of the compound or the kind of solvent, 
however, it is in general preferably from 10"^ to 10 mol/i, 
more preferably from 10"^ to 5 mol/^- The reaction 
temperature is selected according to respective reaction 
processes and cannot be specifically limited, however, it 
is generally from -70 to 250°C, preferably from 0 to 150°C 
and more preferably from 15 to 100°C. 

[0025] 

The reaction solvent for use in the production method 
of the present invention may be any solvent as far as it 
can dissolve the monomer, the oxidizing . agent and the 
electrolyte having a dopant ability individually or 



- 22 - 



altogether. Examples thereof include tetrahydrof uran (THF), 
dioxane, ethers such as diethyl ether, aprotic polar 
solvents such as dimethylformamide, acetonitrile, 
benzonitrile, N-methylpyrrolidone (NMP) and 

dimethyl sulfoxide (DMSO), esters such as ethyl acetate and 
butyl acetate, nonaromatic chlorine solvents such as 
chloroform and methylene chloride, nitro compounds such as 
nitromethane, nitroethane and nitrobenzene, alcohols such 
as methanol, ethanol and propanol, organic acids such as 
formic acid, acetic acid and propionic acid, acid 
anhydrides of the organic acid (e.g., acetic anhydride), 
water, and a mixed solvent thereof. The compound may be 
introduced into the dielectric layer (may be subjected to 
polymerization) in a solvent system, namely, a two-liquid 
system or a three-liquid system, where the above -de scribed 
oxidizing agent and/or the electrolyte having a dopant 
ability and the monomer are individually dissolved. 
[0026] 

The solid electric conductor thus produced has an 
electric conductivity of from 0.1 to 200 S/cm, preferably 
from 1 to 100 S/cm, more preferably from 10 to 100 S/cm, 

[0027] 

For one part electrode of the present invention, a 
known material such as aluminum, titanium, tantalum, 
niobium, an alloy (having the same valve action) using such 
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a material as a substrate or a sintered body mainly 
comprising such a material, is used in the form of a foil 
or bar. This metal electrode is used after treating the 
surface thereof by a known method, such as etching or 
chemical forming, so as to increase the specific surface 
area, and thereby forming a metal oxide film layer on the 
metal foil. 

[0028] 

The solid electrolyte is preferably formed by 
effecting the formation process on the dielectric layer. In 
particular, a method of chemically depositing an organic 
electric conductor having excellent heat resistance on a 
dielectric material having a porous or void structure is 
preferred in the present invention- Furthermore, in order 
to attain good electrical contacting, an electric conductor 
layer is preferably provided on the semiconductor and the 
electric conductor layer is formed, for example, by 
solidifying or plating an electrically conducting paste, 
sputtering a metal or forming an electrically conducting 
resin film. 

[0029] 

The capacitor thus constituted according to the 
production method of the present invention is jacketed with 
a resin mold, a resin case or a metal-made jacket case or 
by resin dipping and then the capacitor can be used as a 
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product capacitor for various uses . 
[0030] 
[Examples] 

The present invention is described in greater detail 
below by referring to the Examples and Comparative Examples. 
(Example 1 ) 

An aluminum foil having a purity of 99.99% and a 
thickness of 100 \xm was used as an anode and the surface 
thereof was electrochemically etched by an ordinary method 
to prepare a porous aluminum foil. The porous aluminum foil 
obtained was subjected to formation in an ammonium adipate 
solution to form an aluminum oxide layer as a dielectric 
thin film on the aluminum foil and then boiled in hot water 
to again effect formation to homogenize the dielectric thin 
film. The thus-prepared aluminum foil was thoroughly dried 
and coated with an aqueous solution of 0 . IM ferric sulfate 
as an oxidizing agent on the porous surface, and then dried 
under heating (at a temperature of SO^C) to ^ support and 
activate the oxidizing agent. Thereafter, the aluminum foil 
was dipped in an ethanol solution having dissolved therein 
5 g of 1 , 3-dihydroisothianaphthene and 0.1 g of sodium 
dodecylbenzenesulf onate (hereinafter simply referred to as 
"DBSNa") and heated at 80°C for 10 minutes in a vapor phase. 
This in-situ polymerization accompanied by the evaporation 
of solvent was repeated 20 times to produce a polymer 
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composition. The polymer composition deposited on the 
surface was very carefully measured on the electric 
conductivity by a four-probe method and found to b^ 50 S/cm. 
The capacitor device thus manufactured was measured on the 
properties and the results obtained are shown in Table 1 , 
The capacity and tan 6 are the values at a frequency of 
120 Hz and the impedance is a value at 1,000 KHz, 
[0031] 

(Comparative Example 1) 

An aluminum foil subjected to formation in the same 
manner as in Example 1 was dipped in a three-component 
mixed solution (the monomer, oxidizing agent and dopant 
were the same) adjusted so that each component had the same 
concentration as in Example 1 and immediately the in-situ 
polymerization by heating at 80°C for 10 minutes was 
repeated 20 times to manufacture a capacitor device. The 
electric conductivity on the surface was <:arefully measured 
by a four-probe method and found to be 10"^ S/cm, However, 
the capacitor formed therefrom had a small capacity and the 
capacitor properties were not satisfied (shown together in 
Table 1) . 

[0032] 

(Example 2) . 

A capacitor device was manufactured by the same 
production method except for using 1 , 3-dihydronaphtho[ 2 , 3- 



- 26 - 



c]thiophene in place of 1 , 3-dihydroisothianaphthene used in 
Example 1 . The polymer composition deposited on the surface 
had an electric conductivity of 20 S/cm (by a four-probe 
method) . The capacitor properties were also measured in the 
same manner. The results obtained are shown in Table 1. 

[0033] 
(Example 3) 

A capacitor device was manufactured through the seunae 
process except for using 5 , 6-dioxymethylene-l , 3-dihydro- 
isothianaphthene in place of 1 , 3-dihydroisothianaphthene 
used in Example 1 and using a monomer solution not 
containing the dopant (DBSNa) described in Example 1. The 
processing conditions in the in-situ polymerization were 
SCc and 10 minutes* The polymer composition deposited on 
the surface had an electric conductivity of 80 S/cm (by a 
four-probe method) . The capacitor properties obtained are 
shown in Table 1 . 

[0034] 

(Comparative Example 2) 

An aluminum foil prepared in the same manner as in 
Example 1 was dipped in a mixed component solution 
containing the same monomer and oxidizing agent as in 
Example 3 adjusted so that each component had the same 
concentration as in Example 3, and then the processing was 
performed under the same conditions (BO^^C, 10 minutes) in 
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the same repetitions as in Example 3 to manufacture a 
capacitor device- The electric conductivity on the surface 
was 0.1 S/cm and with respect to the capacitor properties, 
the capacity was small (shown together in Table 1). 

[0035] 
(Example 4 ) 

A capacitor device was manufactured by the same 
production method as in Example 1 except for using 1,3- 
dihydrothieno[3,4-b]quinoxaline in place of 1/3- 
dihydroisothianaphthene used in Example 1 and using sodium 
naphthalenesulfonate (hereinafter simply referred to as 
"NSNa") in place of dodecylbenzenesulf onic acid as a dopant. 
The polymer composition deposited on the surface had an 
electric conductivity of 5 S/cm (by a four-probe method). 
The capacitor properties were measured, and the data 
obtained are shown in Table 1. 

[0036] 
(Example 5) 

A capacitor device was manufactured by the same 
production method as in Example 1 except for using 5,6- 
dimethoxy-l,3-dihydroisothianaphthene in place of 1,3- 
dihydroisothianaphthene used in Example 1 and using NSNa in 
place of DBSNa- The polymerization temperature and time 
were changed to 70°C and 20 minutes. The polymer 
composition deposited on the surface had an electric 
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conductivity of 80 S/cm (by a four-probe method). The 

capacitor properties were measured and the results obtained 
are shown in Table 1. 
[0037] 



[Table 1] 



Capacitor Properties 





Capacity 
(fiF) 


tan 5 
(%) 


Leakage Current 
(^A»10 V value) 


Impedance 
(Q) 


Excimple 1 


9.9 


0.88 


0.09 


0.078 


Example 2 


9.8 


0.92 


0.08 


0.092 


Example 3 


10.1 


0.80 


0.08 


0.052 


Example 4 


9.9 


0.95 


0.06 


0.080 


Example 5 


10.2 


0.86 


0.06 


0.055 


Comparative 
Example 1 


4.8 


2.50 


10.50 


0.95 


Comparative 
Example 2 


6.7 


2.30 


8.65 


0.67 



[0038] 

(Comparative Example 3) ^ 

The every 10 capacitors manufactured according to the 
production methods of Examples 1 to 5, Comparative Examples 
1 and 2 were compared on the properties between before and 
after the reflow processing. 
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[Table 2] 

Results of Test on Reflow Heat Resistance 
(number of products accepted per 10 devices) 





Before Reflow 
Processing 


After Reflow 
Processing 


Device produced 


in 


Example 1 


10 


10 


Device produced 


in 


Example 2 


9 


7 


Device produced 


in 


Example 3 


10 


9 


Device produced 


in 


Example 4 


10 


10 


Device produced 


in 


Example 5 


10 


10 


Device produced 
Example 1 


in 


Comparative 


3 


0 


Device produced 
Example 2 


in 


Comparative 


2 


1 
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(Reference Excimple 1) 

A 1 , 3-dihydroisothianaphthene monomer (melting point: 
23**C) was solution-polymerized in nitrobenzene at 50**C in 
the presence of oxygen and ferric chloride (oxidizing 
agent) according to the method described in Synthetic 
Metals, Vol, 16, pp. 379-380 (1986) and the polymer 
obtained was measured on the electric conductivity. The 
electric conductivity was as low as 0.1 S/cm and the 
polymer was not suitable for the solid. . electrolyte of a 
capacitor. 
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[0040] 

[Effects of the Invention] 

The solid electrolytic capacitor produced by the 
production method of the present invention is characterized 
in that a highly electric conducting polymer having 
excellent heat resistance and capable of being produced by 
a simple chemical polymerization process is used as a solid 
electrolyte, and therefore, a heat-resistant solid 
electrolytic capacitor having high capacity, low impedance 
and good moisture resistance load can be provided. 
[BRIEF DESCRIPTION OF THE DRAWING] 
[Fig. 1] 

Fig. 1 is a representative longitudinal section of a 
capacitor using a foil, according to the present invention. 
(Description of Numerical References] 

1 foil 

2 pore 

3 aluminum oxide layer 

4 solid electrolyte 

5 dielectric layer 

6 sealing resin 

7 lead terminal 
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[NAME OF DOCUMENT] Abstract 
[ SUMMARY ] 

[PROBLEM TO BE SOLVED] 

To obtain a solid electrolytic capacitor having high 
capacity, low impedance, good moisture resistance load and 
excellent heat resistance. 
[MEANS TO SOLVE THE PROBLEM] 

A method for producing a solid electrolytic capacitor 
comprising a valve acting metal, an oxide film layer formed 
on the metal and an electrically conducting polymer 
composition formed on the surface of the oxide film layer 
is provided, wherein a condensed heteropolycyclic compound 
having a specific chemical structure containing a 1,3- 
dihydrothiophene ring is effectively polymerized by using 
an oxidizing agent alone or altogether in the presence of 
another anion having a dopant ability, on or in the 
vicinity of the surface of the oxide film layer, 
[SELECTED DRAWING] None, 



[NAME OF DOCUMENT] Drawing 
[Fig. 1] 
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